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LIGHT EMITTING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Japanese Patent

Application No. 2015-044048 filed on Mar. 35, 2015, and
Japanese Patent Application No. 2016-36266 filed on Feb.
26, 2016. The entire disclosures of Japanese Patent Appli-
cation No. 2015-044048 and Japanese Patent Application
No. 2016-36266 are incorporated by reference herein.

BACKGROUND

Technical Field

The present mvention relates to light emitting devices.

Description of Related Art

In recent years, various electronic components have been
proposed and put into practical use, and 1t has been desirable
for these electronic components to have high performance.
In particular, some electronic components need to maintain
theirr performance for a long time under strict operating
environments. Such electronic components include semi-
conductor light-emitting elements, including light emitting
diodes (LEDs). For example, in the fields of general 1llu-
mination and vehicle-mounted illumination, light emitting,
devices have been increasingly required to exhibit higher
performance, specifically, higher output (higher brightness)
and higher reliability. In particular, it 1s necessary for light
emitting devices that exhibit high output to operate at high
operating temperatures. In the fields of light sources for
backlights, lighting apparatuses, and the like, adequate light
diffusion properties have also been required.

In view of improving the light diffusing property of a light
emitting device, a method of mixing a light diffusing agent
into a sealing resin 1s known. For example, JP 2007-266356
A discloses a light scattering member arranged on an upper
surface of a light-emitting element to suppress uneven
intensity of light radiation. JP 2007-266356 A also discloses
a configuration including a wavelength converting material.

However, when a light emitting device includes a cover-
ing resin that contains a wavelength converting material 1n
addition to a light scattering material, a change 1n emission
color may occur when there 1s a change in temperature.

SUMMARY

Accordingly, an object of certain embodiments of the
present invention 1s to provide a light emitting device having,
little change 1n emission color with respect to a change 1n
temperature.

A light emitting device according to certain embodiments
of the present invention includes a light-emitting element, a
covering resin covering the light-emitting element, a wave-
length converting material contained in the covering resin,
and a light diffusing agent contained in the covering resin.
The light diflusing agent contains glass particles. At a peak
wavelength of a light emitted by the light-emitting element
and at a temperature of 25° C., the covering resin has a {irst
refractive index nl of 1.48 to 1.60; at the peak wavelength
and at a temperature of 100° C., the covering resin has a
second refractive index n2 that is at least 0.0075 lower than
the first refractive index nl (1.e., n2=n1-0.0075); and at the
peak wavelength and at a temperature of 25° C., the light

10

15

20

25

30

35

40

45

50

55

60

65

2

diffusing agent has a third refractive index n3 that 1s higher
than the first refractive index nl.

Thus, a light emitting device having little change 1n
emission color with respect to a change 1n temperature 1s
provided.

Embodiments of the present invention may be more fully
understood from the description of the preferred embodi-
ments as set forth below, together with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a schematic top view showing an example of
a light emitting device according to a first embodiment.

FIG. 1B 1s a schematic cross-sectional view showing an
example of a light emitting device according to the first
embodiment.

FIG. 2 1s a diagram illustrating changes in refractive
indices of a covering resin, a light diffusing agent, and light
scattering particles according to changes in temperature.

FIG. 3A 1s a schematic top view showing an example of
a light emitting device according to a second embodiment.

FIG. 3B 1s a schematic cross-sectional view showing an
example of a light emitting device according to the second
embodiment.

FIG. 4A 1s a schematic top view showing an example of
a light emitting device according to a third embodiment.

FIG. 4B 1s a schematic cross-sectional view showing an
example of a light emitting device according to the third
embodiment.

FIG. 5A 1s a schematic top view showing an example of
a light emitting device according to a fourth embodiment.

FIG. 3B 1s a schematic cross-sectional view showing an
example of a light emitting device according to the fourth
embodiment.

FIG. 6 1s a schematic cross-sectional view showing an
example of a light emitting device according to a fifth
embodiment.

FIG. 7 1s a diagram 1llustrating light distribution charac-
teristics of a light emitting device according to the fifth
embodiment.

FIG. 8 1s a schematic cross-sectional view showing an
example of a light emitting device according to a sixth
embodiment.

FIG. 9 1s a schematic cross-sectional view showing an
example of a light emitting device according to a seventh
embodiment.

FIG. 10 1s a diagram showing changes in chromaticity of
light emitted from light emitting devices with respect to
changes 1n temperature according to Example 1.

FIG. 11 1s a diagram showing changes in chromaticity of
light emitted from light emitting devices with respect to
changes 1n temperature according to Example 2.

FIG. 12A 1s a diagram showing changes in chromaticity
of light emitted from light emitting devices with respect to
changes 1n temperature according to Example 3.

FIG. 12B 1s a diagram showing changes 1n luminous flux
of light emitted from light emitting devices with respect to
changes 1n temperature according to the Example 3.

DETAILED DESCRIPTION

Embodiments of the present invention will be described
below with reference to the accompanying drawings. A light
emitting device described below 1s to give a concrete form
to technical 1deas of the present invention and 1s not intended
to limat the scope of the present invention. Configurations
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described in one embodiment or example can be applied to
other embodiments and examples. In the description below,

the same designations or relerence numerals denote the
same or similar members, respectively, and a duplicative
detailed description thereof will be omitted as appropnate.

Further, regarding each component configuring the pres-
ent invention, a plurality of structural elements that config-
ures the present invention may be configured as a single part
that serves the purpose of a plurality of elements. Or, vice
versa, a single structural element may be configured as a
plurality of parts which serve the purpose of a single
clement.

First Embodiment

FIGS. 1A and 1B are schematic structural diagrams
showing an example of a light emitting device 100 accord-
ing to a first embodiment. FIG. 1A 1s a schematic top view
of the light emitting device 100, and FIG. 1B 1s a schematic
cross-sectional view taken along the line I-1 of FIG. 1A.

FIG. 2 1s a diagram illustrating exemplary changes in
refractive indices of a covering resin, a light diffusing agent,
and light scattering particles according to changes 1 tem-
perature. One or more of a covering resin, a light diffusing
agent, and light scattering particles are included in the
different embodiments disclosed herein.

The light emitting device 100 according to the first
embodiment includes a light-emitting element 14, a cover-
ing resin 19, and a light diffusing agent 17.

The light-emitting element 14 1s mounted in a tlip-chip
manner via bonding members 13 on a pair of conductive
wirings 12 disposed on a surface of a base substrate 11. A
large portion of the conductive wirings 12 1s covered by an
insulating member 15, but a region of an upper surface of
cach conductive wiring 12 that 1s electrically connected to
the light-emitting element 14 1s exposed out of the insulating,
member 15. An underfill 16 1s disposed under the light-
emitting element 14 (1.e., between the light-emitting element
14 and the base substrate 11) and at the lateral side surfaces
of the light-emitting element 14.

The covering resin 19 containing the light diffusing agent
17 1s disposed on the light-emitting element 14 (on a light
extracting surface side of the light-emitting element 14).

The covering resin 19 has a refractive index that 1s smaller
at 100° C. than at 25° C. Therefore, a diflerence 1n refractive
index between the refractive index of the covering resin 19
and the refractive index of air 1s smaller at 100° C. than at
25° C. Accordingly, the amount of light emitted from the
light-emitting element 14 that 1s surface-retlected or totally-
reflected at an interface between the covering resin 19 and
the air 1s smaller at 100° C. than at 25° C. As a result, at 100°
C., there 1s a reduction in the amount of light that remains
within the covering resin 19 and 1s scattered by the light
diffusing agent 17.

For this reason, 1n order to reduce a change 1n the light
distribution characteristics, 1t 1s preferable that a difference
in refractive mdices of the covering resin 19 at 25° C. and
at 100° C. be as small as possible. However, according to
certain embodiments of the present invention, the change 1n
the light distribution characteristics of the light emitting
device due to a change 1n temperature can be reduced even
in the case of using, for the covering resin 19, a material
having a refractive index at 100° C. that 1s 0.00735 or more
smaller than its refractive index at 25° C. (i.e., refractive
index at 100° C.=refractive index at 25° C.-0.0075).

The covering resin 19 contains the light diffusing agent 17
having a refractive index greater than or equal to the
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refractive index of the covering resin 19 at 25° C. The
difference 1n refractive index between the refractive index of
the covering resin 19 and the refractive index of the light
diffusing agent 17 at 100° C. can be larger than at 25° C. by
using a material for the light diffusing agent 17 that has a
refractive index with a temperature coeflicient smaller than
the temperature coeilicient of the refractive index of the
covering resin 19. Accordingly, a ratio of the amount of light
that 1s emitted from the light-emitting element 14 to the
amount of light that 1s scattered and reflected at the interface
between the covering resin 19 and the light difflusing agent
17 can be increased at 100° C., when compared to 25° C.

As discussed, the amount of light that 1s surface-retlected
or totally-reflected at the interface between the covering
resin 19 and the air decreases with rising temperature. But
with the inclusion of the light diffusing agent 17, the amount
of light that 1s reflected at the interface between the covering
resin 19 and the light diflusing agent 17 increases. Conse-
quently, the amount of light scattering in the covering resin
19 can be made substantially constant even 1f the tempera-
ture changes. Thus, a change 1n the light distribution char-
acteristics due to a change in the temperature can be
reduced.

However, an excessively large difference in refractive
index between the refractive index of the light diffusing
agent 17 and the refractive index of the covering resin 19 at
25° C. may reduce a relative change in the refractive index
due to a difference in temperature, leading to a reduction 1n
the rate of icrease in the amount of light scattering due to
the rise 1n the temperature, so that the compensating eflect
of the amount of light scattering may be significantly
reduced. Therefore, the refractive index of the light diffusing
agent 17 at 25° C. 1s preferably greater than or equal to that
of the covering resin 19. In particular, the diflerence 1n

" the light

refractive index between the refractive imndex of
diffusing agent 17 and the refractive index of the covering
resin 19 1s 1 a range of 0 to 0.15, more preferably in a range
of 0 to 0.1, and even more preferably 1n a range of 0 to 0.05.

An appropriate difference in refractive indices of the
covering resin 19 at 25° C. and at 100° C. may vary, but the

refractive index of the covering resin 19 at 100° C. 1s
preferably smaller than that of the refractive index of the
covering resin 19 at 25° C. by a range of 0.0075 to 0.075.
Setting the difference in refractive indices of the covering
resin 19 at 25° C. and at 100° C. within this range can
facilitate the control of scattering light.

The covering resin 19 preferably has a higher refractive
index because the higher the refractive index of the covering
resin 19, the smaller a difference 1n refractive index between
the refractive index of the covering resin 19 and the refrac-
tive mndex of the light-emitting element 14, allowing for
improvement 1n the light extraction efliciency of the light-
emitting element 14. Thus, the covering resin 19 of an
appropriate refractive index at 25° C. can be employed, but
a refractive index of 1.45 or higher 1s pretferable, and a
refractive index of 1.5 or higher 1s more preferable.

In the case where the temperature coeflicient of the light
diffusing agent 17 1s smaller than the temperature coe Ticient
of the covering resin 19, the difference in the refractive
indices of the light dlﬂ:usmg agent 17 at 25° C. and at 100°
C. 1s smaller than a difference in refractive indices of the
covering resin 19 at 25° C. and at 100° C.

As described above, 1n the light emitting device 100 of the
first embodiment, the light diffusing agent 17 1s included 1n
the covering resin 19, so that the temperature dependence of
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the light distribution characteristics can be reduced even 1t
the refractive mndex of the covering resin 19 changes with

temperature.

Second Embodiment

FIGS. 3A and 3B are schematic configuration diagrams
showing an example of a light emitting device 200 1 a
second embodiment. FIG. 3A 1s a schematic top view of the
light emitting device 200, and FIG. 3B i1s a schematic
cross-sectional view taken along the line II-II of FIG. 3A.

The light emitting device 200 according to the second
embodiment includes a light-emitting element 14, a cover-
ing resin 19, a light diffusing agent 17, and light scattering
particles 18. The light emitting device 200 of the second
embodiment differs from the light emitting device 100 of the
first embodiment in that the covering resin 19 contains the
light scattering particles 18, 1n addition to the light diffusing
agent 17. The second embodiment 1s of substantially the
same configuration as that disclosed in the first embodiment
except for the inclusion of the light scattering particles 18.

The covering resin 19, which contains the light difflusing
agent 17 and the light scattering particles 18, 1s formed on
the light-emitting element 14 (on the light extracting surface
side of the light-emitting element 14).

The refractive index of the light scattering particles 18 1s
equal to or smaller than the refractive index of the covering
resin 19 at 100° C. Additionally, the temperature coetlicient
of the refractive index of the light scattering particles 18 is
smaller than that of the covering resin 19. As such, a
difference in refractive index between the refractive index of
the covering resin 19 and the refractive index of the light
scattering particles 18 at 25° C. 1s larger than the difference
at 100° C. Thus, the light emitted from the light-emitting
clement 14 1s scattered at the interface between the covering
resin 19 and the light scattering particles 18 by a larger
amount at 25° C. than at 100° C. That 1s, the light scattering
particles 18 may enhance the light scattering property of the
light emitting device 200 at 25° C., compared with that at
100° C.

With the inclusion of the light scattering particles 18, even
in the case where increasing the concentration of the light
diffusing agent 17 1n the covering resin 19 increases the light
distribution angle by enhancing the scattering of light at
100° C., scattering of light can also be enhanced at 25° C.
Therefore, scattering of the light can be controlled with ease
with respect to changes 1n temperature.

In other words, the difference 1n refractive index between
the refractive index of the covering resin 19 and the refrac-
tive index of the light diffusing agent 17 and the difference
in refractive index between the refractive index of the
covering resin 19 and the refractive index of the light
scattering particles 18 may compensate for each other. Thus,
the temperature dependence of the light distribution property
may be reduced, even 1f the refractive index of the covering,
resin 19 changes with the temperature.

It 1s to be noted that an excessively large difference in
refractive index between the refractive index of the light
diffusing agent 17 and the refractive index of the covering
resin 19 at 25° C. may result 1n a small relative change in the
refractive index corresponding to the difference in the tem-
perature, which may reduce the rate of increase in the
amount of light scattering due to the rise 1n the temperature.
When the light scattering particles 18 are included, the light
diffusing agent 17 of an appropriate refractive index at 25°
C. can be employed, but the refractive index of the light
diffusing agent 17 1s preferably greater than or equal to that
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of the covering resin 19. For example, it 1s preferable that the
difference 1n refractive index between the refractive index of
the light diffusing agent 17 and the refractive index of the
covering resin 19 1s 1n a range of 0 to 0.15, more preferably
in a range of 0 to 0.1, and even more preferably a range of
0 to 0.05.

However, an excessively large difference in refractive
index between the refractive index of the light scattering
particles 18 and the refractive index of the covering resin 19
at 100° C., may result in a small relative change 1n the
refractive index corresponding to the difference 1n the tem-
perature, which may reduce the rate of increase in the
amount of light scattering due to the rise 1n the temperature.
Therefore, the light scattering particles 18 of an appropriate
refractive index at 100° C. can be employed, but a refractive
index that 1s the same or smaller than that of the covering
resin 19 by a range of 0 to 0.1 1s preferable.

The difference between the refractive index of the cov-
ering resin 19 and the refractive index of the air at 100° C.
1s smaller than that at 25° (C. Thus, the difference in
refractive index between the refractive index of the covering,
resin 19 and the refractive index of the light diffusing agent
17 at 100° C. 1s preferably larger than that between the
refractive mndex of the covering resin 19 and the refractive
index of the light scattering particles 18 at 25° C., and a
change 1n the light distribution characteristics corresponding
to a change 1n the temperature can be reduced.

In the case where the temperature coeilicient of the
refractive index of the light scattering particles 18 1s smaller
than that of the covering resin 19, a difference 1n refractive
indices of the light scattering particles 18 at 25° C. and at
100° C. 1s smaller than a diflerence in refractive indices of
the covering resin 19 at 25° C. and at 100° C.

As described above, 1n the light emitting device 200 of the
second embodiment, the light diffusing agent 17 and the
light scattering particles 18 are included in the covering
resin 19, allowing for a reduction 1n temperature dependence
of light distribution characteristics even 1f the refractive
index of the covering resin 19 changes with temperature.

In the present disclosure, a measurement wavelength of
the refractive indices 1s set to a D line (589 nm), unless
otherwise specified. Furthermore, in the present disclosure,
the term “difference 1n refractive index™ 1s represented by an
absolute value, unless otherwise specified.

A refractive index can be measured, for example, with an
Abbe refractometer. In the case where the refractive index of
a component cannot be measured with the Abbe refracto-
meter because of the size or the like of the component, the
component 1s specified, and a refractive index of a material
similar to the specified component 1s measured. Then, the
refractive index of the specified component can be deduced
from the measurement result of the similar material.

Preferred configurations of the light emitting devices
according to the first and second embodiments described
above and components in third to seventh embodiments to
be described below will now be described.

Base Substrate 11

The base substrate 11 serves to mount the light-emitting
clement 14 thereon. A pair of conductive wirings 12, which
serves to supply electric power to the light-emitting element,
1s disposed on a surface of the base substrate 11.

Examples of a maternial for the base substrate 11 include
resins, such as a phenol resin, an epoxy resin, a polyamide
resin, a polyimide resin, a BT resin, polyphthalamide (PPA),
polyethylene terephthalate (PET), and ceramics. Among
these materials, a resin 1s preferably selected as an insulating,
material i terms of low cost and ease of molding. In order
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to provide a light emitting device with good heat resistance
and light resistance, a ceramic material 1s preferably selected
as the matenial for the base substrate 11.

Examples of ceramic materials include alumina, mullite,
forsterite, glass ceramics, nitrides-based materials (e.g.,

AIN), and carbide-based matenials (e.g., S1C). Among these

ceramic materials, a ceramic material made of alumina or
containing alumina as a major component 1s preferable.

In the case of using a resin as the maternial for the base
substrate 11, an i1norganic filler, such as glass fiber, S10,,
T10,, or Al,O,, 1s mixed 1nto the resin to improve mechani-
cal strength, to reduce thermal expansion coeflicient, to
improve optical reflectivity, and so forth, of the base sub-
strate 11.

A metal substrate made of a metal member can also be
used for the base substrate 11, in which case an 1nsulating,
layer can be disposed thereon to insulatingly separate the
pair of conductive wirings 12.

Conductive Wiring 12

The conductive wirings 12 are components electrically
connected to the respective electrodes of the light-emitting
clement 14 and serve to supply external current (power) to
the light-emitting element 14. That 1s, the conductive wir-
ings 12 serve as electrodes or as a part of the electrodes for
supplying external electrical power, and are generally dis-
posed spaced apart from each other as at least two electrodes
including a positive electrode and a negative electrode.

Each conductive wiring 12 1s formed on at least an upper
surface ol the base substrate 11 that serves as a mounting
surface of the light-emitting element 14. A material for the
conductive wirings 12 can be selected as appropriate,
according to the material of the base substrate 11, and to the
method of manufacturing, or the like. For example, 1 the
case of using a ceramic material for the base substrate 11, a
material for the conductive wirings 12 preferably has a high
melting point to endure the sintering temperature of a
ceramic sheet, such as tungsten or molybdenum, 1s prefer-
ably used for the conductive wiring. Further, other metal
materials, such as nickel, gold, and/or silver may be dis-
posed to cover the conductive wirings 12 by using plating,
sputtering, vapor deposition, etc.

In the case of using a glass epoxy resin (e.g., glass fiber
filled epoxy resin) as a maternal of the base substrate 11, an
casily processable matenal 1s preferable for the conductive
wirings 12, and for example, copper can be used. In the case
of using an injection-molded epoxy resin as the material for
the base substrate 11, the material for the conductive wirings
12 1s preferably a material that can withstand processes such
as punching, etching, bending, etc. and that has a relatively
high mechanical strength, and in this case, for example,
copper can be used as the material for the conductive wirings
12. Specific examples of the conductive wirings 12 can
include a metal layer or a lead made of a metal such as
copper, aluminum, gold, silver, tungsten, iron, nickel, 1ron-
nickel alloy, phosphor bronze, iron-containing copper, or
molybdenum. The surface of the conductive wirings 12 may
be further covered by a metal material that can be appro-
priately selected. For example, silver may be used alone, or
an alloy of silver with copper, gold, aluminum and/or
rhodium may be used. Alternatively, materials may be
applied as a multilayer film of silver and/or alloys described
above.

Examples of methods for disposing the metal material
include sputtering, vapor deposition, and the like 1 addition
to plating.

10

15

20

25

30

35

40

45

50

55

60

65

8

Bonding Member 13

A bonding member 13 serves to fix the light-emitting
clement to the base substrate or to the conductive wiring 12.
For the bonding member 13, an insulating resin or a con-
ductive member can be used. In flip-chip mounting, a
conductive member 1s used as the bonding member. Specific
examples of material of the bonding member include an
Au-containing alloy, an Ag-contaiming alloy, a Pd-contain-
ing alloy, an In-containing alloy, a Pb—Pd containing alloy,
an Au—@Ga containing alloy, an Au—=Sn containing alloy, a
Sn-containing alloy, a Sn—Cu contaiming alloy, a Sn—Cu—
Ag containing alloy, an Au—Ge containing alloy, an Au—=5S1
containing alloy, an Al-containing alloy, a Cu—In contain-
ing alloy, and a mixture of metal and tlux.

The bonding member 13 can be applied 1n a liquid form,
a paste form, or a solid form (e.g., a sheet form, a block
form, a powder form, or a wire form), appropnately selected
according to the composition of the bonding member 13, the
shape of the base substrate, and the like. The bonding
member 13 may be formed of a single member, or a
combination of several types of the above-described mem-
bers or forms.

Insulating Member 15

The conductive wirings 12 are preferably covered by an
insulating member 135 except for a portion to be electrically
connected to the light-emitting element 14 and other ele-
ments. That 1s, a resist for mnsulating and covering the
conductive wirings 12 may be arranged on the base sub-
strate. The 1nsulating member 15 can serve as such a resist.

In the case of disposing the insulating member 135, 1n
addition to the purpose of mnsulating the conductive wirings
12, 1n order to improve the light extraction efliciency of the
light emitting device 14, a white filler (such as used 1n the
underfill 16 material to be described below) can be con-
tained 1n the 1nsulating member 15 so as to reduce leakage
or absorption of light.

For the msulating member 15, an msulating material that
absorbs little of the light that 1s emitted from the light-
emitting element 14 can be appropriately selected. Examples
ol a material for the insulating member 15 include an epoxy
resin, a silicone resin, a modified silicone resin, a urethane
resin, an oxetane resin, an acrylic resin, a polycarbonate
resin, and a polyimide resin.

Light-Emitting Element 14

For the light-emitting element 14 mounted on the base
substrate 11, any appropnate light-emitting element can be
used, but in the embodiments described herein, a light-
emitting diode (LED) 1s preferably used as the light-emitting
clement 14.

The light-emitting element of any appropriate wavelength
can be selected. For example, for a blue light-emitting
clement and a green light-emitting element, a nitride-based
semiconductor (In, Al Ga, N, O=sx, O=sy, x+y=l), GaP,
/nSe, or the like can be used. For a red light-emitting
element, GaAlAs, AlInGaP, or the like can be used. Further,
a semiconductor light-emitting element using other materi-
als can also be employed. The composition, emission color,
size, and the number of light-emitting elements can be
selected as approprniate according to, for example, the
intended use.

The emission wavelength of the light-emitting element 14
can be chosen, for example, by selecting the materials of the
semiconductor layer and the ratio of the mixed crystals. The
light-emitting element 14 may include a positive electrode
and a negative electrode that may be disposed on the same
surface side or on different surfaces of the light-emitting
clement 14.
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The light-emitting element 14 according to the present
disclosure may include a light-transmissive substrate and a
layered semiconductor layer on the light-transmissive sub-
strate. The layered semiconductor layer includes an n-type
semiconductor layer, an active layer, and a p-type semicon-
ductor layer stacked in this order. An n-type electrode 1s
formed on the n-type semiconductor layer, and a p-type
clectrode 1s formed on the p-type semiconductor layer.

The light-emitting element 14 can be mounted in a
flip-chip manner, 1n which, through the bonding members
13, the electrodes of the light-emitting element 14 are
connected to the conductive wirings 12 on a surface of the
base substrate 11 and the surface opposite to the surface on
which the electrodes are disposed. That 1s, amain surface of
the light-transmissive substrate may serve as a light extract-
ing surtace. Meanwhile, in the case of face-up mounting, 1n
which the light-emitting element 14 1s mounted on the
surface of the base substrate 11 opposite from the surface
having the electrodes, the surface having the electrodes
serves as the light extracting surface.

The light-emitting element 14 1s disposed across the two
conductive wirings 12 of the positive side and negative side
that are insulatingly separated from each other, and 1s
clectrically connected and mechanically fixed to the con-
ductive wirings 12 via the conductive bonding members 13.
In this case, the light-emitting element 14 can be mounted by
using, in addition to a mounting method using a solder paste,
a mounting method using bumps. A small-sized packaged
light-emitting element in which a light-emitting element 1s
sealed by a covering resin or the like can be used as the
light-emitting element 14, and a light-emitting element of an
appropriate shape and structure can also be employed.

As will be described below, 1n the case where a light
emitting device includes a wavelength converting material,
a nitride semiconductor that can emit light of a short
wavelength to efliciently excite the wavelength converting,
material 1s preferable.

Underfill 16

In the case of mounting the light-emitting element 14 in
a flip-chip manner, an underfill 16 1s preferably disposed
between the light-emitting element 14 and the base substrate
11. The underfill 16 contains a filler 1n order to allow light
from the light-emitting eclement 14 to be eflectively
reflected, and to allow a thermal expansion coellicient of the
underfill 16 to be close to that of the light-emitting element
14.

For the underfill 16, a material that absorbs little light
emitted from the light-emitting element 14 can be used. For
example, an epoxy resin, a silicone resin, a modified silicone
resin, a urethane resin, an oxetane resin, an acrylic resin, a
polycarbonate resin, a polyimide resin, or the like can be
used.

The filler contained in the underfill 16 1s preferably a
white filler, which can facilitate retlection of light, so that the
light extraction efliciency can be improved. An inorganic
compound 1s preferably used for the filler. The term “white”
as used herein includes the case where the filler looks white
because of scattering of the light due to a difference in
refractive index between the refractive index of the filler and
the refractive index of a material around the filler even
though the filler 1tself 1s transparent.

The reflectance of the filler 1s preferably 50% or more,
more preferably 70% or more, with respect to a peak
wavelength of a light emitted by the light-emitting element
14. With this arrangement, the light extraction efliciency of
a light emitting device can be improved. The particle size of
the filler 1s preferably 1n a range of 1 nm (nanometer) to 10
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um (micrometers). With this range of the particle size of the
filler, the resin fluidity of the underfill 16 can be improved,
ecnabling the undertill 16 to suthiciently cover even a narrow
space. The particle size of the filler 1s preferably 1n a range
of 100 nm to 5 um, and more preferably 1n a range of 200
nm to 2 um. The filler may have a spherical shape or a
scale-like shape.

It 1s preferable that a lateral side surface of the light-
emitting element 14 1s not covered by the underfill 16 by
appropriately selecting and adjusting the particle size of the
filler and the material for the underfill 16. This allows the
lateral side surface of the light-emitting element 14 to serve
as the light extracting surface.

Covering Resin 19

The covering resin 19 1s a member disposed on the light
extracting surface side of the light-emitting element 14 to
protect the light-emitting element from outside environment
and to optically control the light emitted from the light-
emitting element 14. The covering resin may directly cover
the light-emitting element, or may be disposed over the
light-emitting element separated by an air layer or the like,
without directly covering the light-emitting element 14.

Examples of a material for the covering resin 19 can
include an epoxy resin, a silicone resin, and a mixed resin of
these. Among these materials, a silicone resin 1s preferably
selected 1n view of light resistance and ease of forming In
particular, 1n the case where a gas barrier property 1s
necessary, it 1s preferable to use a phenyl silicone resin as the
maternal for the covering resin 19.

The covering resin 19 contains the light diffusing agent 17
that serves to diffuse light emitted from the light-emitting
clement 14. Including the light diffusing agent 17 allows the
light emitted from the light-emitting element 14 to be
diffused into substantially all directions.

The covering resin 19 can contain, in addition to the light
diffusing agent 17, a wavelength converting material such as
phosphors, which absorbs light from the light-emitting ele-
ment 14 and emat light with a different wavelength from that
of light emitted from the light-emitting element 14. The
covering resin 19 can also contain a coloring agent corre-
sponding to the color of light emitted from the light-emitting,
clement 14.

The covering resin 19 can be formed so as to cover the
light-emitting element 14 by using compression molding or
injection molding. Alternatively, 1t 1s also possible that the
viscosity of the covering resin 19 material be optimized and
then the covering resin 19 material be dropped or drawn on
the light-emitting element 14 to enable formation of a
convex shape by utilizing the surface tension of the covering
resin 19 matenal.

The method of forming the covering resin 19 by dropping,
or drawing as described above does not require a mold, and
thus 1s stmpler when compared to a method that requires a
mold. The viscosity of the material for the covering resin 19
in this method can be adjusted by using the above-described
light diffusing agent 17, the wavelength converting material,
and the coloring agent, so that the material for the covering
resin 19 with a desired viscosity, which 1s diflerent from
original viscosity of the material for the covering resin 19,
can be obtained.

Light Diffusing Agent 17 and Scattering Particles 18

Examples of the light diflusing agent 17 and the light
scattering particles 18 include oxides such as S10,, Al,O,,
Al(OH),, MgCO,, Ti0,, ZrO,, ZnO, Nb,O., MgO, Mg
(OH),, SrO, In,0O,, TaO,, HIO, SeO, Y,0,, Ca0O, Na,O,
B,O,, SnO, and ZrS10,, mitrides such as SiN, AIN, and
AION, and fluorides such as Mgk,, CaF,, NaF, LiF, and
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Na,AlF .. At least one of these materials may be singly used
or melted and mixed to be used as glass or the like.

Alternatively, these materials may be stacked to form a
multilayer.

In particular, using glass allows for appropriately control-
ling the refractive index of the light diffusing agent 17 and
the light scattering particles 18. A particle size of the light
diffusing agent 17 and the light scattering particles 18 may
be 1n a range 01 0.01 um to 100 um, for example. The content
of the light diffusing agent 17 and the light scattering
particles 18 needs to be adjusted and can be determined
approprately according to the volume of the covering resin
19 and the particle size of the light diffusing agent 17 and the
light scattering particles 18.

Third Embodiment

FIGS. 4A and 4B show schematic structural diagrams of
an example of a light emitting device 300 1n a third embodi-

ment. FIG. 4A 1s a schematic top view of the light emitting
device 300, and FIG. 4B 1s a schematic cross-sectional view
taken along the line III-III of FIG. 4A.

The light emitting device 300 1n the third embodiment
includes the light-emitting element 14 to emit a first light,
the covering resin 19, the light diffusing agent 17, and the
wavelength converting material 20 to be excited by at least
a portion of the first light emitted from the light-emitting
clement 14 and emit a second light with a wavelength longer
than a wavelength of the first light. The light emitting device
300 according to the third embodiment may contain the light
scattering particles 18 if necessary. The third embodiment
differs from the light emitting device 200 of the second
embodiment 1n that the covering resin 19 contains wave-
length converting material 20 in addition to light diffusing
agent 17 and the light scattering particles 18.

In the light emitting device 300, the covering resin 19
contaiming the light difflusing agent 17 and the wavelength
converting material 20 1s formed on the light-emitting
clement 14 (that 1s, on the light extracting surface side of the
light-emitting element 14).

The light emitting device 300 can be, for example, a white
LED, that specifically includes a blue LED as the light-
emitting element 14 and vellow phosphors as the wave-
length converting material 20. In a light emitting device
including a blue LED and yellow phosphors, at least a
portion of a blue light emitted from the blue LED and a
yellow light emitted from the yellow phosphors, which are
excited by at least a portion of the blue light emitted from the
blue LED, are mixed together, so that a white light can be
obtained.

In a light emitting device that achieves a desired emission
color by mixing a first light emitted from a light-emitting
clement and a second light emitted from a wavelength
converting material, a change 1n a mixing ratio between the
first light and the second light leads to a change 1n emission
color. In general, a fluorescent emission efliciency of the
wavelength converting material 1s decreased as the tempera-
ture of the wavelength converting material increases.

If the temperature of the light emitting device 1s increased
by dniving of the light emitting device or the like, the
fluorescent emission efliciency of the wavelength converting
material 1s reduced. In the light emitting device including the
blue LED and the yellow phosphors, as the temperature of
the light emitting device 1s increased, an amount of yellow
light 1s reduced, thus changing a ratio of an amount of the
blue light to that of the yellow light, causing the chroma-
ticity of the white light to shift to the blue light side (that 1s,
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an X value and a y value on the CIE (Commission Interna-
tionale de I’Eclairage, the International Commission on
[1lumination) chromaticity coordinates become small. It 1s to
be noted that the chromaticity of light emitted by the light
emitting devices herein 1s described 1n terms of the CIE
chromaticity coordinates. However, one skilled in the art
would appreciate that other chromaticity coordinates are
similarly applicable.

In the light emitting device 300 of the third embodiment,
the fluorescent emission efliciency of the wavelength con-
verting material 20 may decrease when the temperature of
the light emitting device 1s increased. Therefore, as the
temperature of the light emitting device 300 1s increased by
driving of the light emitting device 300 or the like, the
fluorescent emission efliciency of the wavelength converting
material 20 may decrease.

Accordingly, 1n the light emitting device 300 of the third
embodiment, the refractive index of the covering resin 19,
urate of change 1n the refractive index of the covering resin
19, and the refractive index and content of the light diffusing,
agent 17 are determined based on a decrease in fluorescent
emission efliciency of the wavelength converting material
20 due to an 1ncrease 1n temperature.

As such, the light emitting device 300 1s configured so
that the ratio (mixing ratio) of the amount of the first light
emitted from the light-emitting element 14 to the amount of
the second light emitted from the wavelength converting
material 20 changes less easily with temperature.

More specifically, the light emitting device 300 according
to the third embodiment may be configured so that the
mixing ratio of the first light to the second light changes less
casily with temperature even in the case where the fluores-
cent emission efliciency of the wavelength converting mate-
rial 20 decreases with an increase 1n temperature, as
described below.

In the case where the fluorescent emission efliciency of
the wavelength converting material 20 decreases due to an
increase in temperature, the ratio of the first light to the
second light will relatively increase, assuming that the
portion of the first light that excites the wavelength convert-
ing material 20 changes less easily with an increase 1n
temperature. Consequently, the emission color of the light
emitting device may be changed.

In this respect, the light diffusing agent 17 can increase an
amount of scattering of the first light, thereby increasing the
amount of the first light for exciting the wavelength con-
verting material 20. That 1s, 1n the case where the amount of
scattering of the first light by the light diffusing agent 17 1s
increased, the possibility of 1rradiating the first light to the
wavelength converting material 20 will increase, thus
increasing the amount of the first light absorbed by the
wavelength converting material 20. Consequently, the
amount of the second light can be increased.

For this reason, the light emitting device 300 according to
the third embodiment may be configured such that the
amount of scattering of the first hght by the light diffusing
agent 17 increases according to an increase 1n temperature to
reduce a change 1 emission color due to a decrease in
fluorescent emission efliciency of the wavelength converting
material 20.

The third embodiment will be described below more
specifically.

As shown 1n FIG. 2, the refractive index of a covering
resin, such as the covering resin 19 decreases as the tem-
perature increases (1.e., the covering resin has a negative
temperature coeflicient.)
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In contrast, 1n the case where the light diffusing agent 17
1s made of mnorganic material, the temperature dependence
of the refractive index of the light diffusing agent 17 1is
smaller than that of the covering resin and can be considered
to be approximately constant.

The higher the reflectivity of the light diffusing agent 17,
the larger the amount of scattering by the light diflusing
agent 17 contained 1n the covering resin 19. And the larger
the difference in refractive imndex between the refractive
index of the covering resin 19 and the refractive index of the
light diffusing agent 17, the higher the light retflectivity of
the light diffusing agent 17.

Accordingly, the light emitting device 300 of the third
embodiment has been devised such that:

(a) the refractive imndex of the covering resin 19 has a
negative temperature dependence;

(b) the refractive index of the light diflusing agent 17
using 1norganic material does not substantially have the
temperature dependence; and

(c) the larger the difference 1n refractive index between
the refractive index of the covering resin 19 and the refrac-
tive index of the light diffusing agent 17, the larger the
amount of scattering of light due to the light diffusing agent
17 contained in the covering resin.

Based on (a) to (¢) above, in the light emitting device 300
of the third embodiment, the material for the covering resin
19 and the material for the light diffusing agent 17 are
selected such that the refractive index (a third refractive
index n3) of the light diffusing agent 17 at room temperature
(25° C.) 1s higher than a first refractive mndex nl of the
covering resin 19 at room temperature (25° C.).

With this arrangement, the diflerence between the refrac-
tive index of the light diffusing agent 17 and the refractive
index of the covering resin 19 increases 1 accordance with
an 1ncrease in temperature. Thus, the amount of scattering of
the first light by the light difflusing agent 17 can be increased
in accordance with an increase 1n temperature. As such, a
change in emission color due to the decrease of fluorescent
emission efhiciency of the wavelength converting material
20 can be reduced.

Here, particularly, a difference between the third refrac-
tive index n3 of the light diffusing agent 17 at room
temperature (25° C.) and the first refractive index nl of the
covering resin 19 at room temperature (25° C.) 1s preferably
in a range of 0.01 to 0.1, and more preferably in a range of
0.02 to 0.08. The content of the light diflusing agent 17 will
be further described below.

In the light emitting device 300 of the third embodiment,
the content of the light diffusing agent 17 in the covering
resin 19 1s determined so that a change 1n emission color due
to a change 1n temperature 1s small, while considering the
refractive index of the covering resin 19 and the temperature
dependence of the refractive index thereof, as well as the
refractive index of the light diffusing agent 17.

For example, the larger the content of the light diffusing
agent 17 1n the covering resin 19, the higher the increase rate
of the amount of scattering of the first light due to the light
diffusing agent 17 1n accordance with an increase 1 tem-
perature. In contrast, the smaller the content of the light
diffusing agent 17 1n the covering resin 19, the lower the
increase rate ol the amount of scattering of the first light due
to the light diffusing agent 17 1n accordance with an increase
in temperature.

Thus, 1 the case where the eflect of reducing the change
in emission color, which 1s based on the difference in
refractive index between the refractive index of the covering,
resin 19 and the refractive index of the light diffusing agent
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17, 1s relatively small, increasing the content of the light
diffusing agent 17 in the covering resin 19 allows for
obtaining the eflect of reducing the change in desired
emission color.

In contrast, 1n the case where the light emitting device has
a relatively great eflect of reducing the change 1n emission
color, which 1s based on the difference between the refrac-
tive index of the covering resin 19 and the refractive index
of the light diffusing agent 17, decreasing of the content of
the light diffusing agent 17 in the covering resin 19 allows
for obtaining the eflect of reducing the change 1n desired
emission color.

For example, as shown in Example 1 to be described
below, 1n a case where a silicone resin having a refractive
index of 1.51 at room temperature 1s used as the covering
resin 19, a glass filler having a refractive index of 1.52 at
room temperature 1s used as the light diffusing agent 17, and
> parts by welght of glass fillers 1s added to 100 parts by
weight of resin, the eflect of reducing the change in emission
color of the light emitting device can be obtained, but the
ellect of reducing the change 1n emission color 1s smaller
compared with a case of using a glass filler having a
refractive index of 1.56 at room temperature. However, even
in this case, icreasing the amount of glass fillers mto the
resin allows for obtaining the eflect of reducing the change
in desired emission color.

As described above, in the light emitting device 300
according to the third embodiment, the content of the light
diffusing agent 17 1n the covering resin 19 1s adjusted 1n
view ol the eflect of reducing the change 1n emission color
based on the refractive index of the covering resin 19, the
temperature dependence of the refractive mdex of the cov-
ering resin 19, and the refractive index of the light dif usmg
agent 17. Thus, a light emitting device, whose emission
color does not change 1n accordance with the change 1n
temperature, can be provided.

In the case where the content of the light diffusing agent
17 in the covering resin 19 cannot be increased 1n order to
satisly other required performance, the refractive mndex of
the covering resin 19 and the temperature dependence of the
refractive index of the covering resin 19, as well as the
refractive index of the light diffusing agent 17, are appro-
priately determined while the content of the light diffusing
agent 17 1n the covering resin 19 1s determined to be small.
In this case, a light emitting device, whose change 1n
emission color with respect to the change 1n temperature 1s
small, can be provided.

The Case of Containing Light Scattering Particles 18

In the light-emitting device 300 of the third embodiment,
the covering resin 19 may contain the light scattering
particles 18.

However, 1n the case of containing the light scattering
particles 18, 1t 1s necessary to determine the refractive index
of the light diffusing agent 17, the refractive index of the
covering resin 19, the temperature dependence of the refrac-
tive index of covering resin 19, and the content of the light
diffusing agent 17 1n the covering resin 19, while consider-
ing the relationship between the refractive index of the light
scattering particles 18 and the refractive index of the cov-
ering resin 19.

For example, a silica filler may be contained in the
covering resin 19 1n order to impart thixotropy required to
form the covering resin 19 during a manufacturing process.
The silica filler 1s the light scattering particles 18 having
light diffusing property. The refractive index of the light
scattering particles 18 made of the silica filler 1s 1.46. In the
case where a silicone resin having a refractive index of 1.51
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at room temperature 1s used as the covering resin 19, and the
light scattering particles 18 having a refractive index of 1.46
are contained in the covering resin 19, the relationship of the
refractive indices among the covering resin 19, the light
diffusing agent 17, and the light scattering particles 18 1s as
shown 1n FIG. 2.

From a viewpoint of the amount of light-scattering by the
light scattering particles 18 contained 1n the covering resin
19 based on the relationship shown in FIG. 2, the difference
between the refractive index of the covering resin 19 and the
refractive index of the light scattering particles 18 decreases
in accordance with an increase 1n temperature. Accordingly,
the amount of light diffusion amount due to the light
scattering particles 18 decreases in accordance with an
increase 1n temperature. This characteristic 1s opposite to
that of the light diflusing agent 17 in which the amount of
light diffusion increases 1n accordance with an increase 1n
temperature. In the case where the covering resin 19 con-
tains the light scattering particles 18 that have the refractive
index smaller than the refractive index of the covering resin
19 1n a desired range of temperature, the eflect of reducing
the change 1n emission color by the light diffusing agent 17
may be offset.

Accordingly, in the case where the covering resin 19
contains the light scattering particles 18 having the refrac-
tive index smaller than the refractive index of the covering
resin 19, the respective refractive indices of the light dii-
fusing agent 17 and covering resin 19, the temperature
dependence of the refractive index of the covering resin 19,
and the content of the light diffusing agent 17 1n the covering
resin 19 are required to be determined so as to compensate
for the reduction in fluorescent emission etliciency of the
wavelength converting material 20 due to the increase in
temperature and for the decrease in the amount of light-
scattering due to the light scattering particles 18 contained 1n
the covering resin 19.

In the case where the covering resin 19 contains the light
scattering particles 18 whose refractive index is larger than
the refractive index of the covering resin 19 1n a range of
desired temperature, the diflerence between the refractive
index of the covering resin 19 and the refractive index of
light scattering particles 18 increases 1n accordance with an
increase 1n temperature. This allows for a reduction 1n the
change 1n emission color due to the decrease 1n tluorescent
emission elfliciency of the wavelength converting material
20 with an increase 1n temperature, similarly to the light
diffusing agent 17. Therefore, in this case, for example, it 1s
preferable that the content of the light scattering particles 18
in the covering resin 19 be decreased in view of the effect of
reducing the change in emission color due to the light
scattering particles.

In the light emitting device 300 of the third embodiment,
the resin material forming the covering resin 19 can be
appropriately selected from materials that can satisty the
above-described relationship with the light diffusing agent
17. However, for example, 1n view of the light extraction
elliciency of the light emitted via the covering resin 19, the
refractive index of the covering resin 19 at room temperature
(referred to as a first refractive index nl herein) 1s preferably
in a range of 1.48 to 1.60. Preferably, the refractive index of
the covering resin 19 at 100° C. (referred to as a second
refractive index n2 herein) 1s lower than the first refractive
index nl of the covering resin 19 at room temperature, and
a difference in refractive mndex between the first refractive
index nl and the second refractive index n2 is preferably
equal to or greater than 0.0075. Using a resin having the
refractive indices of such a range and a difference of the
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refractive indices nl and n2 of such a range for the covering
resin 19 allows for eflectively reducing a change in emission
color due to the covering resin 19 containing the light
diffusing agent 17 1n an amount typically used. The expres-
sion “‘the light diffusing agent 17 1n an amount typically
used” means that the content of the light diffusing agent 17
1s 1n a range ol 2 parts by weight to 15 parts by weight with
respect to 100 parts by weight of resin. The content of the
light diffusing agent 17 1s preferably 1n a range of 3 parts by
weight to 10 parts by weight, and more preferably 4 parts by
weight to 7 parts by weight.

Preferably, the second refractive index n2 of the covering
resin 19 at 100° C. 1s lower than the first refractive index nl
of the covering resin 19 at room temperature, and the
difference between the first refractive index nl and the
second refractive index n2 of the covering resin 19 1s
preferably 0.03 or less. In the case where a difference
between the first refractive index nl and the second refrac-
tive index n2 of the covering resin 19 1s larger than 0.03,
fluctuations 1n the amount of light diffusion due to fluctua-
tions 1n content (variation in content) of the light diflusing
agent 17 1n the covering resin 19 or due to the fluctuations
in distribution (variations in distribution) of the light diffus-
ing agent 17 in the covering resin 19 can increase.

In the present disclosure, each of the first refractive index
nl, the second refractive index n2, and the third refractive
index n3 1s a value at the peak wavelength of the light-
emitting element 14. The first refractive index nl, the second
refractive index n2, and the third refractive index n3 may be
measured directly at the peak wavelength of the light-
emitting element 14, or may be calculated using a linear
approximation between two values which are measured at
different wavelengths.

The resin satisiying the above-described conditions of the
refractive index can be selected from various kinds of resins
including an epoxy resin, a silicone resin, and a mixed resin
of these. A phenyl-based silicone resin can be preferably
used as the resin. The term “phenyl-based silicone resin,” as
used 1n the present disclosure, indicates a silicone resin
having a phenyl group, but the silicone resin may partly
include an alkyl group, such as a methyl group. The refrac-
tive index and the temperature dependence of the refractive
index of the phenyl-based silicone resin can be easily
determined so as to be 1n ranges that satisfies the above-
described relationship between the refractive indices. The
phenyl-based silicone resin has lower gas permeability, for
example, compared with other silicone resins such as the
methyl-based silicone resin, and thus i1s suitable for the
covering resin 19 for the light emitting device.

The light diffusing agent 17 preferably contains glass
particles, which allows the light diffusing agent 17 to have
a desired refractive index. In the present disclosure, glass
means an amorphous inorgamic material that may partly
contain precipitated crystals.

The glass particles contained 1n the light diffusing agent
17 preferably have a refractive index 1n a range of 1.50 to
1.65, more preferably 1n a range of 1.52 to 1.60, and even
more preferably 1 a range of 1.54 to 1.58 at the peak
wavelength of the light-emitting element 14. With the glass
particles having the refractive index in such ranges, the
change 1n emission color due to decrease 1 fluorescent
emission elliciency of the wavelength converting material
20 can easily be reduced, 1n combination with the covering
resin 19 having the refractive index in the above-described
range and temperature coeflicient of the refractive index in
such range.
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Examples of the glass particles having a refractive index
of 1.50 to 1.65 at the peak wavelength of the light-emitting
clement can include, for example, glass particles produced
by melting, mixing, and pulverizing materials made of one
or more materials selected from oxides such as Si0,, Al,O,,
Al(OH),, MgCO,, Ti0,, ZrO,, ZnO, Nb,O., MgO, Mg
(OH),, SrO, In,0;, TaO,, HIO, SeO, Y,0,;, Ca0, Na,O,
B,O,, SnO, and ZrS10,, mtrides such as SiN, AIN, and
AlON, and fluorides such as Mgk ,, CaF,, NaF, LiF, and
Na,AlF, as described above. In the third embodiment,
particularly, the glass particles containing S10, and Al,O,
are preferably used, and adjusting a compounding ratio of
S10, to Al,O;, and/or containing at least at least one selected
from the group consisting of B,O,, CaO, Na,O, ZrO,, SrO,
F,, MgQO, and ZnO allows the refractive index of the glass

particle to be determined appropnately 1n a range of 1.50 to
1.65.

As described above, 1n the light emitting device 300 of the
third embodiment, the covering resin 19 contains the light
diffusing agent 17 having a refractive index higher than the
refractive index of the covering resin 19 at 25° C., in
addition to the wavelength converting material 20. At 100°
C., the difference 1n refractive index between the refractive
111dex of the covering resin 19 and the refractive index of the
light diffusing agent 17 increases, increasing the amount of
light-scattering in the covering resin 19. For example, in the
light emitting device that includes a blue LED and yellow
phosphors as the light-emitting element 14 and the wave-
length converting material 20, respectively, the possibility
that the blue light from the light-emitting element 14 strikes
the wavelength converting material 20 1s increased, 1ncreas-
ing the amount of yellow light. Thus, the ratio of the blue
light with respect to the yellow light can be controlled, so
that changes 1n chromaticity of the emission light due to
changes 1n temperature can be reduced.

Changes 1n emission color (chromaticity) can be repre-
sented, for example, by changes 1n respective X value and y
value on the CIE chromaticity coordinates with respect to
changes 1n temperature. The smaller a change 1n each of the
x value and the y value on the CIE chromaticity coordinates
with respect to a change 1n temperature, the more preferable
it 1s. A change in the x value on the CIE chromaticity
coordinates between 25° C. and 100° C. can be appropriately
determined, but 1s preferably 0.01 or less, and more prefer-
ably 0.005 or less. A change in the y value on the CIE
chromaticity coordinates between 25° C. and 100° C. can be
appropriately determined, but 1s preferably 0.01 or less, and
more preferably 0.005 or less.

The x value on the CIE chromaticity coordinates at 25° C.
may be determined to be smaller than the x value on the CIE
chromaticity coordinates at 100° C. 1n the above-described
preferable range of the change 1n chromaticity. Accordingly,
the chromaticity value can be shifted toward a value of
higher spectral luminous etliciency on the CIE chromaticity
coordinates, so that the decrease in luminous flux at a high
temperature can be reduced.

It 1s to be noted that, in the present disclosure, a difference
between values on the CIE chromaticity coordinates 1s
represented by the absolute value unless otherwise specified.
The method of measuring light distributions and chroma-
ticity 1s based on the JIS (Japanese Industrial Standards).

Although an example in which the light scattering par-
ticles 18 are contained i1s shown 1n the third embodiment, the
light scattering particles 18 are not necessarily required and
may be added, for example, for the purpose of imparting the

thixotropy or the like.
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Wavelength Converting Material 20

The wavelength converting material 20 may be, for
example, a material that serves to absorb light from the
light-emitting element 14 including a nitride semiconductor
as a light emitting layer and to convert the absorbed light
into light with a wavelength different from the light from the
light-emitting element 14. Examples of a fluorescent mate-
rial of the wavelength converting material 20 can include,
for example, a nitride-based phosphor, and an oxynitride-
based phosphor, which are mainly activated by a lanthanoid
clement such as Fu or Ce. More specifically, the fluorescent
material 1s preferably at least one selected from materials
described 1n the paragraphs (D1) to (D3) below.

(D1) Phosphors mainly activated by a lanthanoid element,
such as Eu, or by a transition metal element such as Mn, such
as an alkaline-earth halogen apatite phosphor, an alkaline-
carth metal haloborate phosphor, an alkaline-earth metal
aluminate phosphor, an alkaline-earth metal sulfide phos-
phor, an alkaline-earth metal thiogallate phosphor, an alka-
line-earth metal silicon nitride phosphor, a germanate phos-
phor, etc.

(D2) Phosphors mainly activated by a lanthanoid element
such as Ce, such as a rare-earth aluminate phosphor, a
rare-carth silicate phosphor, an alkaline-earth metal rare-
carth silicate phosphor, etc.

(D3) Phosphors made of organic elements or organic
complexes, etc., mainly activated by a lanthanoid element
such as Eu.

Among those, an yttrium aluminum garnet (YAG) phos-
phor, which 1s a rare-earth aluminate phosphor mainly
activated by a lanthanoid element such as Ce in the above
(D2), 1s preferable. The YAG phosphors are represented by
the following composition formulas (D21) to (D24) or the

like.

Y;Al;O5:Ce (D21)
(Y.5Gdg2)3Als0,,:Ce (D22)
Y3(Alg sGag)s0,,:Ce (D23)
(Y, Gd )z (Al Ga)sO,:Ce (D24)

For example, 1n the formulas described above, a part or all
of Y may be substituted by Tb, Lu, or the like. More
specifically, the phosphor may be Tb,Al.O,,:Ce,
Lu,Al.O,,:Ce, etc. Further, any phosphor other than the
above-described phosphor having performance, function,
and effect that 1s similar to that of the above-described
phosphor may be used.

Such a phosphor preferably has a particle size, for
example, of approximately 2.5 to 30 um.

Note that the term “particle size” as used 1n the present
disclosure 1indicates an average particle size, which 1s indi-
cated as a F.S.S.S.No. (Fisher Sub Sieve Sizer Number)
determined by using an air-permeability method, which 1s
represented by the so-called “D bar” (indicated by “D” with
a bar above the “D”).

The wavelength converting material 20 may be, for
example, a light emitting substance that i1s a so-called
nanocrystal, or quantum dot. Examples of such a light
emitting substance can include semiconductor materials, for
example, nanosized high-dispersion particles of II-VI group,
III-V group, IV-VI group, or group semiconductors, and the
like. More specifically, examples of the nanosized high-
dispersion particles includes CdSe, core-shell type CdS,
Se,_//nS, GaP, InAs, InP, GaN, PbS, PbSe, Cu(ln, Ga)S.,
Ag(In, Ga)S,. Such quantum dot can have a particle size, for
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example, of 1 to 100 nm, and preferably approximately 1 to
20 nm (corresponding to a group of approximately 10 to 50
atoms). The use of the quantum dots with such a particle size
can reduce the internal light-scattering, reducing scattering
of light at a wavelength conversion region.

Fourth Embodiment

FIGS. SA and 5B are schematic structural diagrams
showing an example of a light emitting device 400 1 a
fourth embodiment. FIG. 5A 1s a top view of the light
emitting device 400 and FIG. 5B 1s a cross-sectional view
taken along the line IV-IV of FIG. 5A.

The light emitting device 400 of the fourth embodiment
differs from the light emitting device 300 of the third
embodiment 1n that the covering resin 19 1s formed 1n a
shape like a cap, and that the light-emitting element 14 and
the covering resin 19 are separated from each other via an air
layer 21.

Similarly to the third embodiment, in the light emitting
device 400 of the fourth embodiment, the refractive index of
the light diffusing agent 17, the refractive index of the
covering resin 19 and its temperature dependence, and the
content of the light diffusing agent 17 1n the covering resin
19 are determined such that the change in emission color due
to change 1n temperature 1s small. Accordingly, the light
emitting device 400 of the fourth embodiment including the
light-emitting element 14 and the covering resin 19, which
are separated via the air layer 21, can be configured so that
the emission color hardly changes with respect to changes in
temperature.

Also, with this arrangement, the first light emitted from
the light-emitting element 14 (for example, blue light)
passing through the covering resin 19 can have approxi-
mately the same light path length across the entire covering,
resin 19. This allows the rate of the first light (blue light) that
excites the wavelength converting material 20 to be approxi-
mately uniform across the covering resin 19, thus reducing
color unevenness. Note that in the fourth embodiment, the
covering resin 19 has the domical shape, but i1s not limited
thereto, and for example, may be a plate-like shape.

Fifth Embodiment

FIG. 6 1s a cross-sectional view showing an example of a
light emitting device 500 according to a fifth embodiment.
The light emitting device 500 of the fifth embodiment differs
from the light emlttmg device 200 of the second embodi-
ment 1n that the covering resin 19 has a convex shape (for
example, an approximately half-prolate-spheroid shape, or
an approximately conical shape), and a height A of the
covering resin 19 in the optical axis (L) direction 1s formed
to be longer than a width C of the bottom surface of the
covering resin 19. Note that a normal line passing through
the center of the light-emitting element 14 1s defined as the
optical axis L.

Dropping resin that contains the light scattering particles
18 and that has high thixoropy allows the covering resin 19
to be formed with a length 1n the optical axis (L) direction
longer than a width C of the bottom surface of the covering
resin 19.

In the light emitting device 500 of the fifth embodiment,
the length 1n the optical axis (L) direction of the covering
resin 19 1s larger than the width C of the bottom surface of
the covering resin 19, allowing the light emitted from the
light-emitting element 14 to be scattered by the light dii-
tusing agent 17 and the light scattering particles 18. With
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this, the intensity of the light emitted from the light emitting
device 500 1s substantially 1n proportion to an apparent area
ratio of the covering resin 19. Accordingly, a bat-wing type

light distribution characteristic can be achieved as shown 1n
FIG. 7.

In the light-emitting device 500 of the fifth embodiment,
the covering resin 19 may contain the wavelength convert-
ing material 20. In the light emitting device 500 of the fifth
embodiment, 1n a case where the covering resin 19 contains
the wavelength converting material 20, 31mllarly to the third
embodiment, the refractive index of the light diffusing agent
17, the refractive index of the covering resin 19, temperature
dependence of the covering resin 19, and the content of the
light diffusing agent 17 in the covering resin 19 are deter-
mined so as to reduce a change in emission color due to a
change 1n temperature, such that the emission color changes
less easily with respect to the change 1n temperature.

In a case of contaiming the light scattering particles 18 1n
the light emitting device 500 of the fifth embodiment, it 1s
preferred to determine the refractive index of the light
diffusing agent 17, the refractive index of the covering resin
19, a temperature dependence of the refractive index of the
covering resin 19, and the content of the light diffusing agent
17 in the covering resin 19, 1n view of the relationship
between the refractive index of the light scattering particles

18 and the refractive index of the covering resin 19.

Sixth Embodiment

FIG. 8 1s a cross-sectional view showing an example of a
light emitting device 600 according to a sixth embodiment.

The light emitting device 600 of the sixth embodiment
differs from the light emitting device 300 of the third
embodiment 1n that a plurality of stacked ceramic green
sheets are sintered to form the base substrate 11.

In the light emitting device 600 of the sixth embodiment,
similarly to the third embodiment, the refractive index of the
light diflusing agent 17, the refractive index of the covering
resin 19 and 1ts temperature dependence of the refractive
index of the covering resin 19, and the content of the light
diffusing agent 17 1n the covering resin 19 are determined so
as to reduce a change 1n the emission color with respect to
a change in temperature. With this arrangement, the light
emitting device 600 of the sixth embodiment allows the
emission color to be substantially unchanged with respect to
the change 1n temperature.

Furthermore, 1n the case where the light emitting device
600 of the sixth embodiment contains the light scattering
particles 18, 1t 1s preferable to determine the refractive index
of the light diffusing agent 17, the refractive index of the
covering resin 19, the temperature dependence of the refrac-
tive index of the covering resin 19, and the content of the
light diffusing agent 17 1n the covering resin 19, 1n view of
the relationship between the refractive index of the light
scattering particles 18 and the refractive index of the cov-
ering resin 19.

In the light emitting device 600 of the sixth embodiment,
the base substrate 11 has a recess. An upper surface of the
recess has an opening, and the recess has lateral surfaces and
a bottom surface. The conductive wirings 12 as electrodes
are disposed on the bottom surface of the recess to be
exposed and electrically connected to the light-emitting
clement 14, respectively. The recess 1s sealed with the
covering resin 19 containing the light diffusing agent 17 and
the light scattering particles 18. Arranging the light-emitting




US 10,879,436 B2

21

element 14 1n the recess of the base substrate 11 can fturther
protect the light-emitting element 14 from stress applied

from the outside.

In each of the above-described light emitting devices of
the first to sixth embodiments, 1n the covering resin 19, the
wavelength converting material 20 may be present more
densely 1n the vicinity of the light-emitting element 14 than
in the vicinity of a light extracting surface of the light
emitting device. Alternatively, the wavelength converting
materials 20 may be present less densely in the vicinity of
the light-emitting element 14 than in the vicinity of a light
extracting surface of the light emitting device.

In each of the above-described light emitting devices of
the first to sixth embodiments, 1n the covering resin 19, the
light diffusing agent 17 may be present more densely in the
vicinity of the light-emitting element 14 than in the vicinity
of a light extracting surface of the light emitting device.
Altematlvelyj the light diffusing agent 17 may be present
less densely 1n the vicinity of the light-emitting element 14
than 1n the vicinity of a light extracting surface of the light
emitting device.

Seventh Embodiment

FIG. 9 1s a cross-sectional view showing an example of a
light emitting device 700 according to a seventh embodi-
ment.

The light emitting device 700 of the seventh embodiment
differs from the light emitting device 600 of the sixth
embodiment 1n that the light-emitting element 14 1s covered
by a covering resin 19a (first covering resin portion) con-
taining the wavelength converting material 20, and that a
covering resin 196 (second covering resin portion) contain-
ing the light diflusing agent 17 and/or the light scattering
particles 18 1s formed closer to the light extracting surface
(that 1s, outside) of the light emitting device 700 than to the
covering resin 19a containing the wavelength converting
material 20, so as to be separated from the covering resin
19a. In other words, the covering resin 19a containing the
wavelength converting material 20 1s separated from the
covering resin 196 containing the light diffusing agent 17
and/or the light scattering particles 18. That 1s, the covering
resin 19 1s formed of two or more layers, in which a distance
between the light-emitting element 14 and the layer of the
covering resin 19a containing the wavelength converting
material 20 1s shorter than a distance between the light-
emitting element 14 and the layer of the covering resin 1956
contaiming the light diffusing agent 17.

The covering resin 1956 may contain the light scattering
particles 18 if necessary, or may contain only the light
diffusing agent 17.

The covering resin 196 containing both of the light
diffusing agent 17 and the light scattering particles 18 may
not be independently formed. That 1s, at least the light
diffusing agent 17 or light scattering particles 18 may be
distributed densely at a part apart from the light-emitting
clement 14.

A resin matenal that forms the covering resin 1956 con-
taining the light diffusing agent 17 or light scattering par-
ticles 18 and a resin material that forms the covering resin
19a containing the wavelength converting material 20 may
be made of the same material or different matenals.

In the above-described light emitting device 700 of the
seventh embodiment, the refractive index of the light dif-
tusing agent 17, the refractive index of the covering resin
195, the temperature dependence of the refractive index of
the covering resin 195, and the content of the light diffusing,
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agent 17 1n the covering resin 196 are determined so as to
reduce a change 1n emission color with respect to a change
in temperature. With this arrangement, the light emitting
device 700 of the seventh embodiment allow the emission
color to hardly change with respect to a change 1n tempera-
ture.

Furthermore, 1n the case where the light emitting device
700 of the seventh embodiment includes the light scattering
particles 18, 1t 1s preferable to determine the refractive index
of the light diffusing agent 17, the refractive index of the
covering resin 195, the temperature dependence of the
refractive index of the covering resin 195, and the content of
the light diffusing agent 17 in the covering resin 19, 1n view
of the relationship between the refractive index of the light
scattering particles 18 and the refractive index of the cov-
ering resin 19b.

Example 1

A lhight emitting device according to Example 1 will be
described below.

The light emitting device 1n Example 1 1s an example of
the light emitting device 300 according to the third embodi-
ment. FIG. 4B 1s a cross-sectional view showing an example
of the light emitting device 300. FIG. 10 1s a diagram
showing changes 1n CIE chromaticity of light emitted from
the light emitting device 300 1n Example 1 according to
changes 1n temperature. Note that the values of the refractive
indices 1n the Examples herein are at 25° C. unless otherwise
specified. In Examples, the chromaticity was measured
based on the JIS-8152 condition B.

In the configuration of Example 1, a blue LED 1s used as
the light-emitting element 14 having a peak wavelength of
450 nm, and a green phosphor (YAG) and a red phosphor
(SCASN) are used as the wavelength converting material
20. With this arrangement, the light emitting device 300 1n
Example 1 1s configured to emit white light at a correlated
color temperature of 2,700 K. The light emitting device 300
in Example 1 contains silicone resin with a refractive index
of 1.51 (25° C., 589 nm) as the covering resin 19, and silica
fillers with a refractwe index of 1.46 (25° C., 589 nm) as the
light scattering particles 18 (with a low refractive index).
Then, 1n addition to the light scattering particles 18, three

kinds of glass fillers having refractive indices of 1.48 (25°
C., 589 nm), 1.52 (25° C., 389 nm), and 1.56 (25° C., 589
nm) are respectively contained 1n the covering resin 19, and
no other glass fillers are contained, resulting in four kinds of
light emitting devices. These four types of light emitting
devices had their temperatures changed 1n steps from —40°
C. to 130° C. (-40° C., 0° C., 25° C., 60° C., 105° C., and
130° C.), and the changes in chromaticity of each light
emitting device at each of these temperatures were mea-
sured. Here, the glass filler corresponds to the light diffusing,
agent 17 1n the third embodiment.

The refractive index of the silicon resin at wavelength of
450 nm at 25° C., refractive index of the silica filler at
wavelength of 450 nm at 25° C., and refractive index of the
glass filler at wavelength of 450 nm at 25° C. can be
determined, for example, by linear approximation of refrac-
tive indices measured at 589 nm at 25° C. and at 486 nm at
25° C., or by linear approximation of light refractive indices
measured at 486 nm at 25° C. and at 435 nm at 25° C. The
refractive indices calculated using the linear approximation
are as shown below. Note that the glass fillers 1 to 3 shown
below are such that at wavelength of 589 nm at 25° C., the
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glass filler 1 has a refractive index of 1.48, the glass filler 2
has a refractive index of 1.52, and the filler 3 has a refractive

index of 1.56.

The refractive index of the silicone resin: 1.52 (450 nm,
25° C.)

The refractive index of the silica filler: 1.47 (450 nm, 25°
C.)

The refractive index of the glass filler 1: 1.49 (450 nm,

25° C.)

The refractive index of the glass filler 2: 1.53 (450 nm,
25° C.)

The refractive index of the glass filler 3: 1.57 (450 nm,
25° C.)

In Example 1, 5 parts by weight of the glass filler 1s

contained 1 100 parts by weight of resin components 1n the
covering resin 19.

According to Example 1, 1t 1s confirmed that configura-
tion 1n which the covering resin 19 contains the glass fillers
(light diffusing agent 17) having a larger refractive index
than that of the covering resin 19 allows the change in
emission color of the light emitting device 300 to be
reduced.

As shown 1in FIG. 10, 1n the case where the content of such
a glass filler 1s determined to be 5 parts by weight with
respect to 100 parts by weight of the covering resin, the
Change in chromaticity 1s decreased 1n accordance with the
increase of the refractive index of the light diffusing agent 17
that has larger refractive index than that the refractive index
of the covering resin 19. Note that the refractive index of the
light diffusing agent 17 and the content of the light diffusing
agent 17 need to be optimized based on the volume, shape,
or the like of the covering resin 19 containing the light
scattering particles 18, i addition to the difference in
refractive index between the refractive index of the covering,
resin and the refractive mndex of the light diffusing agent.

Example 2

A light emitting device according to Example 2 will be
described below.

The light emitting device according to Example 2 1s an
example of the light emitting device 300 in the third embodi-
ment. FIG. 4B 1s a cross-sectional view showing an example
of the light emitting device 300. FIG. 11 1s a diagram
showing changes 1n CIE chromaticity of light emitted from
the light emitting device 300 in Example 2 1n accordance
with changes in temperature.

In Example 2, the content of the light diffusing agent 17
contained 1n the covering resin 19 1s changed to evaluate
how reducing the change 1n emission color depends on the
content of the light diffusing agent 17. More specifically,
four types of light emitting devices are formed 1n which the
content of glass filler (light diffusing agent 17) with a
refractive index of 1.56 are respectively 3 parts by weight,
S parts by weight, 10 parts by weight, and 15 parts by weight
with respect to 100 parts by weight of the covering resin 19.
Each of these four light emitting devices had 1ts temperature
changed 1n steps from —40° C. to 130° C. (-40° C., 0° C,,
25° C., 60° C., 105° C., and 130° C.), and the changes 1n
chromaticity of the light emitted from the light emitting
device at each of these temperatures were measured.

The structures of components of the light emitting device
other than the structure of the above-described light diffus-
ing agent 17 are similar to those 1n Example 1.

According to Example 2, light emitted from the light
emitting devices respectively containing 10 parts by weight
and 15 parts by weight of the light diffusing agent 17 with
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respect to 100 parts by weight of the covering resin 19
contains large amount of the blue component when the

temperature of the light emitting device 1s low, whereas the
blue component decreases and a yellow component
increases 1n accordance with the increase 1n temperature. On
the other hand, light emitted from the light emitting device
containing 3 parts by weight of the light diffusing agent 17
with respect to 100 parts by weight of the covering resin 19
contains a large amount of the yellow component when the
temperature 1s low, whereas the amount of the vellow
component decreases and the amount of the blue component
increased in accordance with the increase in temperature.

As described above, the tendency of change in color
component with respect to the temperature varies among the
light emitting device contalmng 3 parts by weight of the
light diffusing agent 17 1n 100 parts by weight of covering
resin 19, and the light emitting devices containing 10 parts
by weight and 135 parts by weight of the light diflusing agent
17 1n 100 parts by weight of covering resin.

In the light emitting device containing 10 parts by weight
of the light diffusing agent 17 1n 100 parts by weight of the
covering resin 19, the changes 1n the amount of the blue
component and the yellow component are smaller than those
in the light emitting device containing 15 parts by weight of
the light diffusing agent 17 in 100 parts by weight of the
covering resin 19. The reason for this result 1s that, as the
content of the light diffusing agent 1s increased, the total area
ol the interface between the covering resin 19 and particles
of the light diffusing agent 17 1s also increased, thus increas-
ing the amount of scattered light. Consequently, the blue
light scattered at a high temperature excessively excites the
wavelength converting material 20, resulting in an excessive
amount of yellow component, which in turn largely sur-
passes the reduction in tluorescent emission efliciency of the
wavelength converting material 20 due to the rise in the
temperature. From this aspect, 1t can be understood that, in
order to reduce the change in chromaticity, it 1s necessary to
control not only a difference 1n refractive index between the
refractive index of the glass fillers and the refractive index
of the covering resin, but also the amount of the glass fillers

to be added.

Example 3

A light emitting device according to Example 3 will be
described below.

The light emitting device 1n Example 3 1s an example of
the light emitting device 300 according to the third embodi-
ment. FIG. 4B 1s a cross-sectional view showing an example
of the light emitting device 300. FIG. 12A 1s a diagram
showing changes 1n CIE chromaticity of light emitted from
the light emlttmg device 300 1n Jxample 3 with respect to
changes 1 temperature. FIG. 12B 1s a diagram showing
changes in luminous flux of light emitted from the light
emitting device 300 1n Example 3 with respect to changes 1n
temperature.

Example 3 differs from Example 1 in that a yellowish
green phosphor (LAG phosphor) and a red phosphor
(SCASN) 15 used as the wavelength converting material 20,
and blending amounts of the yellowish green phosphor
(LAG phosphor) and the red phosphor (SCASN) are con-
trolled to produce white light at a correlated color tempera-
ture of 5,000 K. In Example 3, a light emitting device
containing S5 parts by weight of glass fillers with a refractive
index of 1.56 in 100 parts by weight of covering resin, and
a light emitting device without containing any glass filler as
the light diffusing agent are fabricated and evaluated as
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tollows. Except for the above-described structures, the light
emitting devices 1n Example 3 are fabricated in a manner
similar to that in Example 1. These two kinds of light
emitting devices had their temperatures changed in steps
from —40° C. to 130° C. (-40° C.,0° C., 25° C., 60° C., 105°
C., and 130° C.), and the changes in chromaticity and
luminous flux of light emitted from the light emitting
devices were measured.

According to Example 3, even in the case where the

correlated color temperature of the white light 1s changed
from 2,700 K to 5,000 K, the addition of the light diffusing

agent 17 can reduce the change 1n chromaticity, similarly to
Example 1. Further, in view of the results of the change 1n
luminous flux 1n accordance with the temperature, the addi-
tion of the light diflusing agent 17 can reduce the decrease
in luminous flux at high temperatures. The main reason for
this 1s that 1n the case where the light diffusing agent 17 1s
not mcluded 1n the covering resin, the luminous flux shifts
to a high color temperature side with a low spectral luminous
elliciency at a high temperature.

The light emitting device of the present disclosure can be
utilized 1n backlight light sources for liquid crystal displays,
various lighting fixtures, and the like.

Although the disclosure has been described with reference
to several exemplary embodiments, 1t 1s to be understood
that the words that have been used are words of description
and 1llustration, rather than words of limitation. Changes
may be made within the purview of the appended claims, as
presently stated and as amended, without departing from the
scope and spirit of the disclosure 1n its aspects. Although the
disclosure has been described with reference to particular
examples, means, and embodiments, the disclosure may be
not mtended to be limited to the particulars disclosed; rather
the disclosure extends to all functionally equivalent struc-
tures, methods, and uses such as are within the scope of the
appended claims.

The 1llustrations of the examples and embodiments
described herein are intended to provide a general under-
standing of the various embodiments, and many other
examples and embodiments may be apparent to those of skill
in the art upon reviewing the disclosure. Other embodiments
may be utilized and derived from the disclosure, such that
structural and logical substitutions and changes may be
made without departing from the scope of the disclosure.
Additionally, the illustrations are merely representational
and may not be drawn to scale. Certain proportions within
the illustrations may be exaggerated, while other proportions
may be minimized. Accordingly, the disclosure and the
figures are to be regarded as 1llustrative rather than restric-
tive.

One or more examples or embodiments of the disclosure
may be referred to herein, individually, and/or collectively,
by the term “disclosure” merely for convenience and with-
out mtending to voluntarily limit the scope of this applica-
tion to any particular disclosure or inventive concept. More-
over, although specific examples and embodiments have
been 1llustrated and described herein, 1t 1s to be appreciated
that any subsequent arrangement designed to achieve the
same or similar purpose may be substituted for the specific
examples or embodiments shown. This disclosure may be
intended to cover any and all subsequent adaptations or
variations of various examples and embodiments. Combi-
nations of the above examples and embodiments, and other
examples and embodiments not specifically described
herein, will be apparent to those of skill in the art upon
reviewing the description.
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In addition, 1n the foregoing Detailed Description, various
features may be grouped together or described 1n a single
embodiment for the purpose of streamlining the disclosure.
This disclosure 1s not to be interpreted as reflecting an
intention that the claimed embodiments require more fea-
tures than are expressly recited 1n each claim. Rather, as the
following claims reflect, inventive subject matter may be
directed to less than all of the features of any of the disclosed
embodiments. Thus, the following claims are incorporated
into the Detailed Description, with each claim standing on
its own as defining separately claimed subject matter.

The above disclosed subject matter shall be considered
illustrative, and not restrictive, and the appended claims are
intended to cover all such modifications, enhancements, and
other embodiments which fall within the true spirit and
scope of the present disclosure. Thus, to the maximum
extent allowed by law, the scope of the present disclosure
may be determined by the broadest permissible 1nterpreta-
tion of the following claims and their equivalents, and shall
not be restricted or limited by the foregoing detailed descrip-
tion.

What 1s claimed 1s:

1. A light emitting device comprising:

a light-emitting element;

a covering resin composed of a single layer and made of

a resin material and covering the light-emitting ele-

ment,

a wavelength converting material contained in the cover-

ing resin; and

a light diffusing agent contained in the covering resin,

wherein

the light diflusing agent contains glass particles,

a first refractive index nl of the covering resin, deter-
mined while not containing the wavelength convert-
ing material or the light diffusing agent, at a peak
wavelength of a light emitted by the light-emitting
clement and at 25° C., 1s 1n a range of 1.48 to 1.60,

a second refractive index n2 of the covering resin,
determined while not containing the wavelength
converting material or the light diffusing agent, at the
peak wavelength and at 100° C., 1s at least 0.0075
lower than the first refractive index nl,

a third refractive index n3 of the light diffusing agent,
determined while not being contained 1n the covering
resin, at the peak wavelength and at 25° C., 1s higher
than the first refractive index nl, and

the difference between the first refractive index nl and the

second refractive index n2 1s 0.03 or less,

wherein the covering resin 1s disposed on a light extract-

ing surface side of the light-emitting element,

wherein the covering resin comprises a phenyl silicone
resin.

2. The light emitting device according to claim 1, wherein
a diflerence between the first refractive index nl and the
third refractive index n3 1s 0.01 to O.1.

3. The light emitting device according to claim 1, wherein
the difference between the first refractive index nl and the
second refractive index n2 1s 0.025 or less.

4. The light emitting device according to claim 1, wherein
the third refractive index n3 1s 1 a range of 1.50 to 1.63.

5. The light emitting device according to claim 1, wherein
the glass particles contain S10,, and Al,O,.

6. The light emitting device according to claim 3, wherein
the glass particles contains at least one selected from the
group consisting of B,0O,, Ca0O, Na,O, Zr0O,, SrO, F,, MgO,
and ZnO.
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7. The light emitting device according to claim 1, wherein
an emitted light from the light emitting device has CIE
chromaticity coordinates, and wherein a change 1n an X
value on the CIE chromaticity coordinates between 25° C.
and 100° C. 1s 0.01 or less.

8. The light emitting device according to claim 1, wherein
an emitted light from the light emitting device has CIE
chromaticity coordinates, and a change 1n an X value on the
CIE chromaticity coordinates between 25° C. and 100° C. 1s
0.005 or less.

9. The light emitting device according to claim 1, wherein
an emitted light from the light emitting device has CIE
chromaticity coordinates, and wherein a change 1n a y value
on the CIE chromaticity coordinates between 25° C. and
100° C. 1s 0.01 or less.

10. The light emitting device according to claim 1,
wherein an emitted light from the light emitting device has
CIE chromaticity coordinates, and wherein a change ina y
value on the CIE chromaticity coordinates between 25° C.
and 100° C. 1s 0.005 or less.

11. The light emitting device according to claim 1,
herein an emitted light from the light emitting device has
IE chromaticity coordinates, and wherein an x value of the
IE chromaticity coordinates at 25° C. decreases compared
ith the x value of the CIE chromaticity coordinates at 100°

ok-Nelek

12. The light emitting device according to claim 1,
wherein the covering resin further contains light scattering
particles having a refractive index different from a refractive
index of the glass particles.

13. The light emitting device according to claim 1,
wherein the covering resin comprises:

a first covering resin portion at a light-emitting element
side of the light emitting device, the first covering resin
portion containing the wavelength converting material;
and

a second covering resin portion at a light extracting
surface side of the light emitting device, the second
covering resin portion containing the light diffusing
agent.

14. The light emitting device according to claim 1,
wherein, 1 the covering resin, the wavelength converting
material 1s present more densely in the vicinity of the
light-emitting element than 1n the vicinity of a light extract-
ing surface of the light emitting device.

15. The light emitting device according to claim 1,
wherein the covering resin with the first refractive index nl
wraps the wavelength converting material and the light
diffusing agent inside.

16. The light emitting device according to claim 1,
wherein the covering resin with the first refractive index nl
covers one or more lateral surfaces of the light emitting
clement.

17. A light emitting device comprising:

a light-emitting element;

a covering resin composed of a single layer and covering,

the light-emitting element;
a wavelength converting material contained 1n the cover-
ing resin; and
a light diffusing agent contained 1n the covering resin,
wherein
the light diflusing agent contains glass particles,
the covering resin comprises a phenyl silicone resin,
and

a first refractive index nl of the covering resin, deter-
mined while not containing the wavelength convert-
ing material or the light diffusing agent, at a peak
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wavelength of a light emitted by the light-emitting,
element and at 25° C., 1s lower than a third refractive
index n3 of the light diffusing agent, determined
while not being contained in the covering resin, at
the peak wavelength and at 25° C.,
wherein the covering resin 1s disposed on a light extract-
ing surface side of the light-emitting element, and
wherein the covering resin with the first refractive index
nl wraps the wavelength converting material and the
light diffusing agent 1nside.
18. The light emitting device according to claim 17,
wherein a difference between the first refractive index nl
and the third refractive index n3 1s in a range of 0.01 to 0.1.
19. The light emitting device according to claim 17,
wherein
the first refractive index nl of the covering resin, at the
peak wavelength and at 25° C., 1s 1n a range of 1.48 to
1.60, and

a second refractive index n2 of the covering resin, at the
peak wavelength and at 100° C., 1s at least 0.0075 lower
than the first refractive index nl.

20. The light emitting device according to claim 19,
wherein the difference between the first refractive index nl
and the second refractive mdex n2 1s 0.025 or less.

21. The light emitting device according to claim 17,
wherein the third refractive index n3 is 1n a range of 1.50 to
1.63.

22. The light emitting device according to claim 17,
wherein the glass particles contain S10, and Al,O;.

23. The light emitting device according to claim 22,
wherein the glass particles contains at least one selected
from the group consisting of B,0O,, CaO, Na,O, ZrO,, SrO,
F,, MgO, and ZnO.

24. The light emitting device according to claim 17,
wherein an emitted light from the light emitting device has
CIE chromaticity coordinates, and wherein a change 1n an x
value on the CIE chromaticity coordinates between 25° C.
and 100° C. 1s 0.01 or less.

25. The light emitting device according to claim 17,
wherein an emitted light from the light emitting device has

CIE chromaticity coordinates, and wherein a change in an x
value on the CIE chromaticity coordinates between 25° C.
and 100° C. 1s 0.005 or less.

26. The light emitting device according to claim 17,
wherein an emitted light from the light emitting device has
CIE chromaticity coordinates, and wherein a change inay
value on the CIE chromaticity coordinates between 25° C.
and 100° C. 1s 0.01 or less.

27. The light emitting device according to claim 17,
wherein an emitted light from the light emitting device has
CIE chromaticity coordinates, and wherein a change ina 'y
value on the CIE chromaticity coordinates between 25° C.
and 100° C. 1s 0.005 or less.

28. The light emitting device according to claim 17,
herein an emitted light from the light emitting device has
IE chromaticity coordinates, and wherein an X value of the
IE chromaticity coordinates at 25° C. decreases compared
ith the x value of the CIE chromaticity coordinates at 100°

ok-Nelek]

29. The light emitting device according to claim 17,
wherein the covering resin further contains light scattering
particles having a refractive index diflerent from a refractive
index of the glass particles.

30. The light emitting device according to claim 17,
wherein the covering resin comprises:
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a first covering resin portion at a light-emitting element a wavelength converting material contained in the cover-
side of the light emitting device, the first covering resin ing resin; and
portion containing the wavelength converting material; a light diffusing agent contained in the covering resin,
and wherein

a second covering resin portion at a light extracting 3 the light diffusing agent contains glass particles,
surtace side of the light emitting device, the second the covering resin comprises a phenyl silicone resin,
covering resin portion containing the light diffusing and

a first refractive index nl of the covering resin, deter-
mined while not containing the wavelength convert-
10 ing material or the light diffusing agent, at a peak
wavelength of a light emitted by the light-emitting
element and at 25° C., 1s lower than a third refractive
index n3 of the light diffusing agent, determined
while not being contained in the covering resin, at
15 the peak wavelength and at 25° C.,
wherein the covering resin 1s disposed on a light extract-
ing surface side of the light-emitting element, and
wherein the covering resin further contains light scatter-
ing particles having a refractive index different from a
20 refractive index of the glass particles.

agent.

31. The light emitting device according to claim 17,
wherein, 1n the covering resin, the wavelength converting,
material 1s present more densely in the vicinity of the
light-emitting element than in the vicinity of a light extract-
ing surface of the light emitting device.

32. The light emitting device according to claim 17,
wherein the covering resin with the first refractive index nl
covers one or more lateral surfaces of the light emitting
clement.

33. A light emitting device comprising:

a light-emitting element;

a covering resin composed of a single layer and covering

the light-emitting element; I T T
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